Objective: To examine the long-term effects of the 'Cretan Health and Nutrition Education Program' on blood pressure. Subjects: A representative population of 176 pupils (85 from the intervention schools and 91 from the control schools). Design: Blood pressure, dietary, anthropometrical and physical activity data were obtained at baseline (academic year 1992-1993) and at follow-up examination (academic year 2001-2002). Results: The findings of the current study revealed that the increase over the 10-year period in systolic (SBP) and diastolic blood pressure (DBP) was higher in the control group (CG) than in the intervention group (IG) (P ¼ 0.003 and Po0.001 respectively). Regarding dietary indices, the IG were found to have a significantly higher intake of potassium (P ¼ 0.018) and magnesium (P ¼ 0.011) compared to the CG. Furthermore, the decrease in body mass index (BMI) z-score observed in the IG was found to differentiate significantly from the increase observed in the CG (P ¼ 0.042). On the contrary, the increase in leisure time, moderate to vigorous physical activities (MVPA) observed in the IG, was found to differentiate significantly from the decrease observed in the CG (P ¼ 0.032). Intervention's effect on SBP was mediated by changes in MVPA (b ¼ À0.20, P ¼ 0.030) and BMI (b ¼ 0.19, P ¼ 0.048). Similarly, intervention's effect on DBP was mediated by changes in MVPA (b ¼ À0.18, P ¼ 0.048), BMI (b ¼ 0.26, P ¼ 0.007) and magnesium intake (b ¼ À0.20, P ¼ 0.048).
Introduction
Cardiovascular disease (CVD) is the leading cause of morbidity and mortality, responsible for the high death rates of adults in Western societies (WHO, 1999) . During the 1960s, Greece had the lowest mortality rate for cardiovascular diseases compared to other countries participating in the Seven Countries Study (Kromhout et al., 1989) . This has changed dramatically over the last 30 years as morbidity and mortality rates from CVD have increased rapidly for the Greek adult population (Kafatos, 1998; Pitsavos et al., 2003) . However, the roots of CVD seem to track from childhood, some decades before the clinical manifestation of the disease. Recent data have reaffirmed the link between the exposure at several risk factors during childhood and adolescence and preclinical atherosclerosis in adulthood (Li et al., 2003; Raitakari et al., 2003) . Among these risk factors, high blood pressure is a prominent one that has been reported to show the same tracking tendency (Raitakari et al., 1994; Bao et al., 1995) . All these clinical risk factors are related to certain behavioural ones, predominantly diet and physical activity, which show a similar tracking from childhood to young adulthood, indicating that both clinical and behavioural risk factors for CVD have their roots in childhood (Janz et al., 2000; Boreham et al., 2004; Mikkila et al., 2004) .
The beneficial effect of a physically active lifestyle and a balanced diet on cardiovascular health is widely accepted. In particular, the risk for the development of CVD is inversely related to the levels of physical activity (Wei et al., 1999; Lee et al., 2000; Sesso et al., 2000) , whereas the adoption of a diet low in saturated fat and rich in olive oil, fruits and vegetables affects in a favourable way certain health indices and reduces the odds of CVD risk (Law, 2000; Pitsavos et al., 2002) . Based on this, as well as on the observation that behavioural patterns track from childhood to adulthood, several school-based health and nutrition education programs have been implemented worldwide aiming at an early prevention of CVD risk factors. Although the short-term benefits of such programs (Luepker et al., 1996; Harrell et al., 1998; Manios et al., 2002; Hayman et al., 2004) are encouraging, it should be kept in mind that the success of such initiatives are best judged in the long term, several years post-intervention in adolescence or adulthood.
To our knowledge, one of the very few and well-designed school-based intervention programmes that focused on blood pressure and had a post-intervention follow-up examination was the Child and Adolescent Trial for Cardiovascular Health (CATCH) study. The intervention implemented by the CATCH study was multicomponent, targeting both pupils' behaviours as well as school environment (i.e. food services and physical education classes). The findings of the follow-up examination, 3 years after the program's cessation, revealed maintenance of the favourable behavioural changes observed during the intervention period, but no favourable changes were observed for the clinical indices (i.e serum lipids and blood pressure) examined (Nader et al., 1999) .
Besides the CATCH study, the 'Cretan Health and Nutrition Education Program' was also targeting blood pressure among other CVD risk factors. The program was designed and implemented by the Preventive Medicine and Nutrition Clinic of the University of Crete and aimed at encouraging healthy dietary and general lifestyle habits in primary school children. Previously published data have indicated favourable behavioural and physiological changes in the intervention subjects compared to the control ones at the end of the 6 year intervention period Manios et al., 2002) . The current paper is the first to provide blood pressure data from the 'Cretan Health and Nutrition Education Program' study, and its primary objective was to examine the effectiveness of the intervention on children's blood pressure, 4 years after the end of the program. Last but not the least, the current paper aimed at identifying the mediating effect of the changes observed in certain behavioural (i.e. diet and physical activity) and physiological indices (i.e. body mass index (BMI) and physical fitness) on blood pressure changes.
Materials and methods
According to official data from the Greek National Statistical Service for the year 1991 (Census 1991) and before the programme's initiation, the population of the three main counties in the Island of Crete (namely Iraklio, Rethimno and Hania) was homogeneous at the county level regarding educational level, urban-rural split and employment status (Table 1) . In all three counties, the population distribution was about 45% in the rural areas and 55% in the urban areas. As no differences existed at the county level, the counties of Iraklio and Rethimno served as the intervention counties, whereas Hania served as the control county. The selection of the intervention and control counties was based on practical issues such as the distance from the university campus where the Preventive Medicine and Nutrition Clinic was based, as well as to limit dissemination of the information (i.e. intervention materials, activities, workshops, seminars) from intervention to control schools. The present study was, therefore, not randomized at the county level, but the study design was rather such as to maximize the effectiveness of monitoring the implementation of the intervention programme.
The 'Cretan Health and Nutrition Education Program' was initiated in September 1992 after the approval of the Greek Ministry of Education (Manios et al., 1998a . The total population of the intervention group (IG) was comprised, of the 4171 children registered in the first grade of primary schools throughout the counties of Iraklio and Rethimno in September 1991, whereas the 1510 children registered in the county of Hania served as the control group (CG). A random sample of 24 schools in the intervention counties of Iraklio and Rethimno and 16 schools in the control county of Hania were selected to assess the effectiveness of the program. Reflecting the geographical distribution of the population, 49.8% of these schools came from urban areas and 50.2% came from rural areas.
A detailed letter explaining the aims of the program was sent to all parents who had a child in the first grade of the selected schools. Signed parental consent forms were collected for 602 children in the intervention schools and 444 children in the control schools. Between September and October 1992 (academic year 1992 -1993 , these children underwent a full medical examination, whereas standardized questionnaires were provided and interviews were held with both children and their parents to collect data. Of the data collected, those used in the current analysis were anthropometrical and blood pressure measurements, exercising habits and physical fitness indices. Data on children's dietary intake was obtained from a representative random subsample comprising 30% of the overall cohort at baseline (313 pupils). From this subsample, full data on parental characteristics (i.e. those derived from the completed questionnaires), as well as on children's dietary, anthropometrical, physical activity, fitness and blood pressure indices, were obtained from 283 subjects at baseline. All the aforementioned indices were re-assessed 4 years after the programme's cessation and when the children were in the tenth grade (academic year 2001-2002) . From those 283 children, full data at follow-up were obtained from 176 subjects (85 from the intervention schools and 91 from the control schools). Both at baseline and follow-up, subjects in the control and intervention samples did not differentiate significantly in terms of certain sociodemographic indices available (i.e. parental educational level and urban-rural split), indicating the representativeness of the randomly selected subsample (Table 1) . Based on the examined indices, the participation rate of subjects having complete data at baseline and followup examination was 62%. The primary reason explaining the loss of subjects was that as the intervention program was school-based, those children who moved to different schools during the intervention period were excluded from the study.
The dietary data presented in the present study have derived from the nutritional analysis of 3 days' weighed food records obtained for two weekdays and one weekend day. Foods were coded and analyzed using the University of Crete's computerised 'Greek Diet' food database that is based on the USDA database, but has been extensively amended to include chemically analyzed Greek foods and recipes. More information on procedures followed to assess dietary intake are provided elsewhere (Manios et al., 2002) .
Body weight was recorded to the nearest 10 g with the use of a Seca digital scale and with subjects standing without shoes in the minimum clothing possible, that is, underwear. Standing height was also measured to the nearest 0.1 cm with the use of a commercial stadiometer (Leicester Height Measure). The measurement of height was conducted without shoes, and with children keeping their shoulders in a relaxed position, their arms hanging freely and their heads aligned in Frankfurt plane. BMI was calculated by dividing weight (kg) by height squared (m 2 ), whereas age and gender-specific BMI z-scores were also estimated.
Blood pressure measurements were performed by trained physicians using a standard mercury sphygmomanometer and appropriately sized cuffs (Baum Inc., Copiague, NY, USA). Blood pressure was measured using the right arm, with the subject seated and quiet after a 5-min rest, the forearm at heart level and the stethoscope in the antecubital fossa. Systolic (SBP) and diastolic blood pressure (DBP) was recorded at the first and fifth Korotkoff phases, respectively. If the pressure readings differed by 10 mm Hg, a third reading The significance of the differences between intervention and control counties-groups was tested by using chi-square and Fisher's exact tests, when appropriate. No significant differences were observed.
was taken. Children's leisure time physical activity was assessed using a standardized activity questionnaire, completed by the parents at baseline and by the pupils themselves at the postintervention follow-up examination. In all cases, the questionnaire was completed in the presence (and with the assistance) of a member of the research team. The main body of the questionnaire consisted of a table classifying all sport and leisure activities into four categories on the basis of their average intensity (1-4 METs, 4-7 METs, 7-10 METs and 410 METs). The time devoted weekly to any kind of activities having an intensity higher than 4 METs and a duration longer than 30 min was considered as the weekly moderate -to -vigorous physical activity (MVPA). More information on the validity and reliability of the utilized questionnaire are provided elsewhere (Manios et al., 1998b) . Cardio-respiratory fitness was assessed with the use of the 20 m endurance run test (ERT) as described by the EUROFIT Tests Protocol (Committee of Experts on Sports Research, 1988) .
The theoretical framework used for designing and implementing the current program was based on Social Cognitive Theory, targeting children and their parents, as well as their social and physical environment. For this purpose, the health profile component of the 'Know Your Body' school health promotion program of the American Health Foundation (Williams et al., 1977; Walter and Wynder, 1989) was adapted, modified and supplemented to suit our population (Manios et al., 1998a .
Data were reported as mean (standard deviation: s.d.) and as mean change (standard error: s.e.) for continuous variables. Categorical variables were reported as percentages (%). The unpaired Student's t-test and the non-parametric Mann-Whitney test were used to evaluate any possible differences on baseline measurements for normally and not normally distributed variables, respectively, between those subjects participating at baseline and follow-up examinations and those who dropped out or were excluded at follow-up. Differences between proportions were evaluated using w 2 or Fisher's exact test when appropriate.
General linear mixed model analysis was used to evaluate the differences between the two groups (i.e. IG vs CG) regarding the changes observed in blood pressure, dietary intake, ERT score and MVPA over the 10-year period of follow-up. Adjustments were made for gender, level of parental education and baseline values. Inter-school variation was taken into account by including the random school effect in the model. Finally, a mediating variable analysis was performed in order to test whether changes observed in certain dietary, anthropometrical and physical activity indices mediated the effect of the intervention on blood pressure (Baron and Kenny, 1986; Kraemer et al., 2002) . SPSS 11.0 (SPSS Inc., TX, USA) software was used in all analyses. The level of statistical significance was set at Pp0.05. 
Effect of intervention on children's blood pressure I Kafatos et al
Results Table 2 indicates that the average baseline values for all variables assessed in the current paper did not differ significantly between those pupils with full dietary, physical activity, anthropometrical and blood pressure data at both baseline and follow-up examination, and other pupils who dropped out or were excluded at follow-up (i.e. those with only baseline data). Table 3 presents the changes in blood pressure, dietary, anthropometrical, physical activity and fitness indices in the CG and the IG over the postintervention follow-up examination. Regarding blood pressure indices, the current study revealed a significantly higher increase in SBP and DBP levels for the CG compared to the IG (18.471.4 vs 12.771.6 mm Hg, P ¼ 0.003 for SBP and 15.971.0 vs 9.171.6 mm Hg, Po0.001 for DBP respectively). Furthermore, the analysis revealed that the frequencies of children with 'high normal SBP' and 'systolic hypertension' were decreased for the IG (from 21.2% at baseline to 12.9% at follow-up) and increased for the CG (from 16.5% at baseline to 28.6% at follow-up), whereas the frequencies of children with 'high normal DBP' The differences between the two groups were evaluated by using linear mixed models analysis. Adjustments were made for baseline values, gender and level of parental education. School was taken as a random effect. Values are presented for those pupils with full dietary, anthropometrical, physical activity and blood pressure data in both baseline and follow-up measurements.
and 'diastolic hypertension' increased for both the IG (from 3.0% at baseline to 14.5% at follow-up) and the CG (from 3.8% at baseline to 27.1% at follow-up). Regarding dietary indices, there were notable differences in the extent to which the intake of energy and certain nutrients changed in the two groups during the 10-year period. More specifically, the increases over this period in potassium (794.67209.4 vs 131.97173.4 mg/day, P ¼ 0.018) and magnesium (54.1714.6 vs 16.3711.3 mg/day, P ¼ 0.011) intake were significantly higher in the IG, compared to the CG. Regarding anthropometrical indices, changes observed for BMI z-score were found to differentiate significantly between the IG and the CG (À0.0970.09 vs 0.1770.09, P ¼ 0.042), whereas regarding physical activity indices, subjects in the IG significantly increased their leisure time MVPA compared to their CG counterparts for whom a decrease was observed (0.5870.19 vs À0.3270.18 h/week, P ¼ 0.032). However, the changes observed in ERT score over the same period did not differentiate significantly between the two groups. Table 4 summarizes the results derived from the last step of the mediating variable analysis, performed with those variables that were found to differentiate significantly between groups from the mixed model analysis. More specifically, the mediating variable analysis revealed that the effect of the intervention on SBP and DBP changes was no longer significant (b ¼ À0.17, P ¼ 0.062 and b ¼ À0.19, P ¼ 0.075, respectively) after controlling for changes in MVPA, BMI z-score, potassium and magnesium intakes. Furthermore, the significant associations between the change in SBP and the changes observed in MVPA (b ¼ À0.20, P ¼ 0.030) and BMI z-score (b ¼ 0.19, P ¼ 0.048) indicate that the effect of the implemented intervention on SBP was mediated by the changes in time devoted to MVPA and in BMI. Similarly the effect of the intervention on DBP was mediated by the changes in time devoted to MVPA (b ¼ À0.18, P ¼ 0.048), in BMI z-score (b ¼ 0.26, P ¼ 0.007) and in magnesium intake (b ¼ À0.20, P ¼ 0.036).
Discussion
The current study revealed a favourable effect of the 'Cretan Health and Nutrition Education Program' on the age-related increase in blood pressure that normally occurs with growth. More specifically, the 10-year follow-up of this school-based intervention program revealed a lower increase in both SBP and DBP for the IG compared to the CG (Table 3) . Accordingly, the percentages of subjects diagnosed with 'high normal SBP' and 'systolic hypertension' decreased by 8.3% for the IG while increasing by 12.9% for the CG. Regarding the percentages of subjects diagnosed with 'high normal DBP' and 'diastolic hypertension', although these were increased in both groups, the increase was twice as high for the CG compared to the IG (23.3 vs 11.5%). Similar to the current study other school-based intervention trials have reported comparable (but of relatively lower magnitude) favorable changes in blood pressure levels for the intervention subjects (Harrell et al., 1998; Nader et al., 1999) . Additionally, studies similar to the current one also revealed some favourable changes for the intervention subjects in dietary and physical activity indices, thus indicating a possible mediating effect of such behavioral changes on blood pressure.
The positive changes observed for the IG in potassium and magnesium intake (Table 3 ) are in good agreement with the data obtained by other similar intervention trials implemented on pupils within the school environment Nicklas et al., 1996; Simons-Morton et al., 1997; Harrell et al., 1998; Nader et al., 1999) . Besides these changes in micronutrients' intake, the current study showed that subjects in the IG had a higher increase in total energy intake compared to the CG over the 10-year period of followup, although the difference between the two groups did not reach a significant level. This could be attributed to the significantly higher increase in MVPA for the IG compared to the CG, as more physically active children and adolescents require additional calories (American Academy of Pediatrics, 2004) . With increasing levels of physical activity, caloric intake may increase by 200-500 calories per day, depending on child's age, gender and activity levels, in order to support optimum growth (Gidding et al., 2005) . However, with energy intake considerably exceeding over time caloric needs for growth and physical activity, the subsequent weight gain can eventually produce some adverse effects on several clinical indices, including blood pressure (Williams et al., 2002) . On this basis, the decrease in leisure time MVPA and the parallel increase in energy intake by the CG over the 10-year period could probably explain the higher increase in their BMI and consequently the higher increase in their SBP and DBP levels compared to subjects in the IG. The favourable changes observed in the current paper for the IG in dietary and physical activity indices were in line with previous publications of the current study, reporting analogous changes in these indices over the 6-year intervention period (Manios et al., 2002) . The maintenance of these positive behavioural changes 4 years after the programme's cessation could mainly be attributed to certain characteristics of the implemented intervention scheme, such as the long duration of the intervention and the high level of teacher's compliance in delivering the program. Furthermore, combining the health education program with physical education classes contributed in increasing intervention time annually, thus allowing more hours of intervention with the least possible time restriction on the remainder of the curriculum. The total time devoted annually in both the physical activity and dietary component of the intervention scheme exceeded the time devoted by other similar intervention programs implemented on primary schoolchildren (Harrell et al., 1996; McKenzie et al., 1996) , as well as the proposed 40-50 h cutoff point for efficient health behaviour changes (Contento et al., 1992) . Additionally, the focus of the physical exercise (PE) classes was re-orientated from the official practice of promoting participation in competitive sports to another approach of promoting pleasant non-competitive forms of exercise and increasing self-mastery even for the less gifted or obese subjects, thus achieving total class participation (Manios et al., 1998b (Manios et al., , 2002 . This approach, combined with parental encouragement to support their children in increasing their physical activity out of school, turned out to be very effective in fostering activity independence in children and increasing the time devoted in leisure time MVPA over the intervention and follow-up period. Still, it should be kept in mind that the procedure followed to assess children's physical activity levels was questionnaire-based, and as such it is susceptible to self-reporting bias.
The mediating variable analysis (Table 4) revealed that the favourable impact of the intervention on blood pressure was mainly attributed to the changes observed in leisure time MVPA, in BMI and in magnesium intake, as the interaction of these variables with the intervention significantly accounted for the changes observed in SBP and DBP levels (Table 4) . Regular physical activity and restriction of sedentarism have been reported to prevent an excess increase in blood pressure over time (Kelley et al., 2003; Cornelissen and Fagard, 2005) . In addition, this controlling effect of regular exercise on blood pressure could be through weight management as several weight-reduction trials have consistently reported better results when physical activity is included in the treatment protocol (Gutin and Owens, 1999; Williams et al., 2002) . Furthermore, producing favourable dietary modifications, such as increased intake of certain micronutrients (i.e. magnesium), has been reported as another important component of any intervention aiming to prevent or treat hypertension (Hermansen, 2000) . However, the most appealing reductions in blood pressure have been related to the modification of whole diets and not with the administration of separate nutrient components, as indicated by the Dietary Approaches to Stop Hypertension (DASH) study (Sacks et al., 2001) . In agreement to this wider approach, the current nutrition education program has put emphasis on developing and promoting a supportive environment between the school and the family, thus assisting children to learn, adopt and sustain favourable for cardiovascular health dietary patterns.
In conclusion, the positive findings of the present paper can be best judged when considering the scarcity of studies examining the effectiveness of health education interventions to produce favourable changes on behavioral indices (i.e. diet and physical activity) and blood pressure several years after the programme's cessation (Nishio et al., 1989; Gillman et al., 1993; Burke et al., 2001) . Four years after the end of the program, the favourable blood pressure changes observed in children in the IG provide encouraging data regarding the effectiveness of school-based health education programs on successfully tackling chronic disease risk factors early in life.
